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Prescribed fire is being used as a component of holistic vegetative treatments in short interval fire-adapted 
ecosystems throughout the west. A primary objective of these treatments is to reduce wildfire risk in and 
around communities. Safeguarding multiple social resources in populated environments presents 
challenges that increase management complexities. The National Fire Plan calls for increased use of 
prescribed fire in these areas, yet the effect of complexity on treatment activities has not been determined. 
This study tests the hypothesis that high degrees of complexity reduce both average unit size and average 
acres burned per year in ponderosa pine forests in the northwestern United States. Six complexity elements 
were tested; Threats to Boundaries, Fuels/Fire Behavior, Objectives, Social Improvements or Resources to 
be Protected, Air Quality Values to be Protected, and Political Concerns. The effect of district population 
was also tested. 
Results indicate that complexity associated with air quality reduce average unit size and reduce yearly 
accomplishments. The results for the remaining complexity elements are somewhat ambiguous. Variability 
in data complicated analysis, obscuring complexity-activity relationships that are likely to exist. Future 
research should take a qualitative approach and reduce the sampling scale to the forest or district level. 
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INTRODUCTION 
Profound changes in stand structure and composition in fire-adapted ecosystems throughout the western 
United States can be attributed to the disruption of the historic pattern of frequent low-intensity fires. 
Current stand conditions on roughly 40 million acres of dry site pine-fir forests virtually assure eventual 
occurrence of highly intense, destructive wildland fires, potentially leaving people, property and watersheds 
at risk (Amo 1996). The National Fire Plan of 2000 outlines approaches to protect communities and 
restore and maintain forest health in fire-adapted ecosystems across the interior west. The Fire Plan has 
established a process for prioritization of treatment activities based on current threat to resources, 
commodity interests, and human health and safety. The first priorities are the millions of acres of managed 
landscape that are in close proximity to communities (Forest Service Management 2002). 
The criteria used to prioritize fire plan treatments will increase the complexity of prescribed fire 
management, as the strategy focuses treatments on high-risk areas in and around homes and communities. 
Past research has suggested that the need for the agency to remain sensitive to social concerns and to 
protect multiple high-value resources causes managers to adopt a more conservative, risk averse 
management posture. Adoption of such a posture may result in escalating treatment costs (Gonzalez-Caban 
1997, Cortner et al. 1990). Although these previous findings suggest there are cost implications associated 
with complexity, past research has not specifically addressed the effect of complexity on annual prescribed 
bum program accomplishments (number of acres burned per year). Although authors have suggested the 
constraining effect of complexity on fire management operations, the relationship has been speculative and 
anecdotal. There has been not been an attempt to systematically quantify management complexity for use 
in analysis of bum program activities. Considering the emphasis on community protection of national fire 
policy, it is of important operational concern whether complexity associated with protection of social 
values restricts the potential to aggressively manage with fire in complex environments. 
This study will investigate the relationship between complexity and prescribed fire program operations in 
Forest Service owned, dry site ponderosa pine and mixed pine/fir forests. Fire management personnel were 
surveyed and asked to provide accomplishment data and to quantify the complexity associated with their 
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ranger district's management environment. Complexity is multidimensional in nature and can be attributed 
to a number of different characteristics of the prescribed fire management envirorunent. Because of this, 
six sources of complexity were measured. The complexity values for each element were then compared 
against activities in order to determine whether there was a relationship between complexity and district 
activities. In addition, fire managers were asked to rank the importance of ten factors that constrain 
burning operations in pine forests. Many of the factors are similar to the complexity elements and thus can 
serve to corroborate findings of the complexity analysis. Managers also ranked the significance of ten 
factors that influence the cost of burning. With these rankings, it will be possible to speculate on the cost 
effects of operating in a complex management environment. 
This analysis is intended to serve as a pilot study and a starting point for investigating how attributes that 
contribute to complexity act to influence the ability to aggressively manage forests with fire. The 
resolution of the data collected was not intended for use in the development of predictive cost equations. 
Rather, the analysis is designed to investigate whether there are palpable relationships between complexity 
and activity levels at districts with active prescribed bum programs. An understanding of these 
relationships may assist in formulating realistic program expectations at regional and national planning 
levels. 
Background/Theory 
Managers have long recognized the utility of using economic analysis as a barometer to evaluate the 
efficiency of land management decisions. Federal fire management policies adopted cost-effectiveness as a 
tenet of fire management strategies beginning in 1978, specifically addressing the principle of cost 
effectiveness in prescribed fire with the Federal Wildland Fire Policy of 1995 (Taylor et al. 1988, 
USDI/USDA 1995). The body of literature exploring prescribed fire economics has grown considerably in 
the last twenty-five years. In that time, research inquiry has evolved from investigating the cost effects of 
physical characteristics of bum units (Gonzalez-Caban and McKetta 1986), to understanding the 
managerial and institutional factors that affect prescribed burning costs (Gonzalez-Caban 1997), to looking 
at how managers' decisions affect economic outcomes (Cortner et al. 1990, Taylor et al. 1988). Research 
up to this point has either concentrated on cost relationships or understanding the underlying behavior that 
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determines how fire management decisions are made. However, little effort has been put into determining 
whether the factors that affect costs also affect yearly accomplishments, that is, how many acres are burned 
in the course of a year. Many of the relationships discovered up to this point are principal to this question 
and provide a solid foundation firom which the complexity hypothesis tested here is derived. A review of 
the pertinent literature follows. 
Economic evaluation of prescribed bum programs has proven quite difficult because of significant 
variability in prescribed bum costs between and within regions and national forests (Gonzalez-Caban and 
McKetta 1986, Gonzalez-Caban 1997, Cleaves 2000). In attempts to understand the source of these 
variations in costs, researchers initially looked toward physical site parameters, such as unit configuration, 
unit size, aspect, and slope, to mention a few. Site parameters alone have been found to be of limited 
significance in explaining cost variation, enough so to lead some to question the economic feasibility of 
fuel treatments (Gonzalez-Caban and McKetta 1986). 
Although hypotheses regarding the cost effect of site parameters were found to be debatable, these inquiries 
revealed two significant corollaries that persist in the literature. First, there is an economy of scale 
relationship in prescribed fire activities. As the size of the treatment area increases, everything else held 
constant, the per acre cost will decrease (Gonzalez-Caban and McKetta 1986, Jackson et al. 1982, Cleaves 
2000, Cleaves and Brodie 1990, Rideout and Omi 1995). Second, there is a profound lack of available 
cost and accomplishment records. An overriding issue that has confounded past economic analyses has 
been the scarcity and inconsistency of data. At present, there is no single standardized cost reporting 
format in use throughout the Forest Service. Differences in cost reporting formats within the Forest 
Service do not provide basic, comparable data (Wood 1988, Gonzalez-Caban and McKetta 1986, 
Gonzalez-Caban 1997, Cleaves 2000, Hesseln 2000). 
The lack of a relationship between physical characteristics and fuels treatment costs led investigators to 
look beyond the site and investigate how political, managerial, and other forces influence the cost of 
buming. It has been speculated that a significant portion of cost variation can be explained by 
organizational policies and managerial perception of risk (Gonzalez-Caban and McKetta 1986, Cleaves et 
al. 2000). Institutionalized rules and regulations, such as smoke emission limitations and directives that do 
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not permit fires that escape complete management control, may restrict the range of alternatives available 
to fire managers. Directives that contribute to risk aversion may contribute to cost-inefficient bum 
prescriptions by causing managers to assume a "worst case" scenario, leading to an excessive use of 
suppression resources. A scenario-based study by Gonzalez-Caban (1997) indicates the potential for 
significant reduction in burn costs when institutional constraints regarding risk are relaxed. The author also 
reaffirms the significance of the economies-of-scale finding, and suggests that burn programs should be 
planned for bum projects as large as possible within the constraints imposed by the Forest Service or air 
quality regulatory agencies. The study also indicates that manager's act more conservatively than their 
perceptions may dictate. This suggests the utility of understanding the relationship between manager's risk 
perception and actual risk behavior, and has direct implications in determining the cost effectiveness of fire 
management decisions. 
Determining which actions fire managers take when faced with risk decisions is the objective of risk 
management and analysis. In prescribed fire management, risk has been defined as the potential for the 
realization of unwanted, negative consequences (Saveland 1985). An additional consideration in making 
fire risk decisions is the magnitude of the consequences that may be realized in the event of a mishap. 
Protection of resources has a significant effect on decision-making, with a strong influence toward risk 
avoidance (Taylor et al. 1988). We would expect to see increasingly risk adverse postures as the number 
and value of these resources increase. To illustrate, consider the consequence of a fire escape that results in 
the loss of private property. Not only would property values be damaged, such an event has the potential to 
escalate into a national issue, threatening the future of the program. In such a scenario, anything less than a 
low risk tolerance would be negligent. Therefore risk posture and risk decisions are dependent on the 
number and value of resources threatened, as well as the magnitude of the consequences associated with 
resource damage. 
Up to this point there have been few references made directly to complexity. In many ways risk and 
complexity are indivisible. Complexity describes the management environment in terms of the number 
and value of resources at risk. Complexity provides the basis for risk assessment. Managers internalize 
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complexity as they develop their risk attitudes. Like risk, complexity is situational, dependent on the 
social, physical, and cultural characteristic of that particular location. 
Prescribed bum complexity will increase as activities are drawn closer to concentrations of highly valued 
resources through community protection efforts. The consequences of an escape or other mishaps will 
become much more severe. Managers will need to react not only to actual, physical threats to resources, 
but will need to consider the consequences of their actions in affecting public opinion and attitude. Public 
opinion and preference is a central factor in making policy decisions, including those regarding the use of 
prescribed fire. Social support is critical and necessary before bum programs can be successfully 
implemented (Manfi^edo, et al. 1990). Yet the potential for erosion of public opinion is great. Prescribed 
fire is often contended due to concems regarding public safety, the risk of escape, inconvenience from 
smoke, reduced air quality and decreased aesthetics (Anderson et al. 1982, Gonzalez-Caban and McKetta 
1986, Cleaves and Haines 1995). The need to safeguard a wide range of values and to reduce the potential 
for strife will likely lead managers to adopt risk-reducing precautions that may not only affect costs, but 
may also reduce the number of acres that can be burned in a year. 
The need to manage smoke in complex air quality environments may reduce yearly bum activities. There 
is considerable sensitivity to community concems about smoke impacts from prescribed bums. Concern 
regarding smoke intmsion into nearby communities is much greater when managers set the fires (Taylor et 
al. 1988). Indeed, maintaining public tmst in the agency's professionalism and support of prescribed 
burning has been shown to cause managers to avoid risk (Cortner et al. 1990). Considering the high value 
the Forest Service places on fostering public support, it stands to reason that managers would take action to 
minimize the potential for smoke impacts. One effective smoke management technique is to reduce unit 
size. Burning smaller units results in fewer overall emissions (Prescribed Fire and Fire Effects Working 
Team 1985). If districts operating in complex smoke management environments utilize this technique 
frequently, the effect may be seen in reduced overall armual accomplishments. 
High levels of other forms of complexity may also cause managers to adopt conservative, risk averse 
management techniques that may reduce yearly activities. Operating in populated areas will increase 
exposure of people, property and social resources to risk, increasing complexity. In such environments, 
5 
managers may need to take mitigating actions to reduce the actual hazard as well as the publics' perception 
of the hazard. Although the public tends to overestimate the risk from poorly understood hazards such as 
fire (Slovic 1980), managers may be compelled to take additional precautions based on the public's 
assessment of risk in order to assure future cooperation. Mitigation actions may reduce the average size or 
units burned or reduce the total number of acres of burned in a season. Such actions would likely reduce 
the chance of stirring controversy and reduce the probability of losing public support. 
There is utility in examining bum accomplishment data relative to district complexities in order to 
determine if these relationships can be confirmed. This complexity analysis conducted here seeks to 
determine whether managers have historically made conservative, risk averse decisions when operating in 
complex management environments. Findings of reduced prescribed bum activities due to complexity 
would suggest that activities would be further reduced, as treatments are concentrated around homes and 
communities. Such findings may suggest the need to re-evaluate the feasibility of aggressively using fire 
treatments in complex management environments. 
METHODS 
Survey Design 
Data were collected via a questionnaire mailed to Fire Management Officers (FMO) at Forest Service 
ranger districts throughout Regions 1, 4 and 6 (Northern, Intermountain, and Pacific Northwest Regions) 
during the fall and early winter of 2001-2002. Names of district FMOs were provided by the supervisor's 
office of each National Forest. District selection was based on the intersection of the biological range of 
ponderosa pine and Forest Service district boundaries. All districts within the range of ponderosa pine in 
Montana, Idaho, Washington, and Oregon were surveyed. This approach would reduce variation in 
activities due to differences in forest type and burn objectives. By analyzing activities in a specific forest 
type, the treatment could be held relatively constant in order to determine the effect of complexity on 
accomplishments. 
The questionnaire followed a format similar to that used by Cleaves et al. (2000) in their attempt to 
quantify burning activities, identify increased barriers to increasing burning, and to estimate and interpret 
6 
burning costs on Forest Service lands. The questionnaire developed for this study was refined to capture 
technical and social complexity issues associated with burning in ponderosa pine sites in proximity to 
populated areas. Considerable consultation with fire managers in western Montana was used to further 
tailor the questions to capture the effect of the elements of interest. 
Survey Methodology 
Respondents were asked to provide values specific to the districts' prescribed ecosystem management bum 
program (EMB program) in dry-site ponderosa pine for the 10-year period between 1991 and 2000. Each 
district was asked to report on the average and the range of three measures of bum activities: Acres per 
year, number of bums per year, and unit size (in acres). Because of the documented shortcomings 
associated with the lack of accurate and reliable data, a questionnaire was designed to capture both 
objective (actual) and subjective (estimated) values. When actual values were unavailable, the estimates of 
activity levels were gathered from those most familiar with district operations. This approach resembles 
the conference method defined by Homgren et al. (2000) as a common approach for developing cost 
estimates. This method pools expert knowledge from those most familiar with the activities. The accuracy 
of this approach depends on the knowledge of those providing the input. Despite this potential 
shortcoming, it was felt that the value of the cumulative years of experience of managers could not be 
ascertained through any formal reporting system. 
A complexity element table was used in order to obtain a numeric value for six elements that contribute to 
prescribed fire complexity. Complexity is multidimensional and can be attributable to multiple 
characteristics that define the management environment. Six complexity elements that were thought to be 
significant in affecting program activities were measured. The six elements were Fuels/Fire Behavior, 
Threat to Boundaries, Objectives, Social Values and Improvements to be Protected, Air Quality, and 
Political Concems. The table was adapted from the Wildland and Prescribed Fire Complexity Rating 
Worksheet (USDA Forest Service 1999). The worksheet provides managers a method to assess the 
complexity of both wildland and prescribed fires. A number of these elements had also been cited in past 
prescribed fire literature as affecting economic outcome of burn activities. Each attribute could then be 
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analyzed individually in order to determine which element(s) are exercising the greatest effect on program 
operations. 
For each of the elements tested, a brief written description of three complexity categories was presented, 
corresponding to low, medium and high degree of complexity. The respondent was asked to estimate the 
percent of their EMB program activities that was subject to each degree of complexity for each element for 
the last ten years, totaling 100%. For example, a respondent may report that for the Threat to Boundaries 
element, 50% of their activities occurred in areas of low threat, 25% in areas of moderate threat, and the 
remaining 25% in areas of high threat. The percent figures were then differentially weighted and 
transformed into numeric values, per instructions for the actual worksheet. The percent value in the low 
complexity category was converted to a numeric value without any weighting. Percentages in the moderate 
category were weighed by a factor of three, and by a factor of five for the high complexity category. These 
values were then summed to arrive at an overall complexity value for that element. Following the Threats 
to Boundaries example above, the complexity value for that element would be 50 + (3*25) + (5*25) = 250. 
This follows the general procedure outlined in the instructions for determining a complexity rating using 
the Wildland and Prescribed Fire Complexity Rating Worksheet (USDA Forest Service 1999). The numeric 
value provided a measure of complexity for each element at each district (see Appendix A for 
questionnaire). 
Although complexity is not consistent over the landscape, the study approach used here assumes that there 
is enough similarity within a single ranger district that managers would be able to provide an "average" 
description of complexity for their district. This assumption was necessary because the ranger district is the 
smallest administrative unit for which accomplishment data could be gathered. Since complexity was to be 
analyzed relative to accomplishments, the source of these two values needed to be consistent. Much of the 
variability in complexity due to differences in vegetative communities would be eliminated since the 
analysis concentrates on treatments in a single forest type. Thus it was felt that characterization of 
complexity at the district level would provide reasonably accurate complexity values that could be 
compared across the study area. 
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Population figures for each district were used in the statistical testing. District population figures were 
estimated using county data from the 2000 Census. In cases where districts were completely within the 
boundary of a single county, the total population for that county was used as the district population. In 
cases were districts fell within two or more counties, the percent of the district that was in each county was 
estimated using an ocular procedure. The percent value was then multiplied by the total population of each 
corresponding county. These values were added together to arrive at a total district population value. 
Population will be referred to as a complexity element from herein, for a total of seven complexity 
elements. 
Managers were also asked to rank the importance of factors that influence two aspects of program 
operations; factors that present barriers to increasing the use of prescribed fire (Program Constraints) and 
factors that affect implementation costs (Cost Factors). Each set of factors was presented in a table 
containing ten factors. Managers were asked to rank the importance of each factor on a scale ranging from 
zero (low importance) to four (highly important). Respondents were also asked to project which program 
constraints will become most significant in the next ten years. Many of Program Constraints were similar 
to the complexity elements, while others represent management issues that were not presented in the 
complexity analysis. The results can be used to corroborate the findings of the complexity analysis, or 
suggest the importance of factors that were not included as complexity elements. Like the constraints 
assessment, many of the cost factors are related to management issues associated with the complexity 
analysis, while others are dissimilar. Cost factor results can be used to speculate on the financial 
implications of complexity elements tested or suggest the importance of factors that were not included in 
the analysis. 
Statistical Analysis 
Linear regression and correlation were initially considered as a means of describing the association 
between the burn activities and complexity. However, examination of scatterplots did not reveal a strong 
linear relationship, even with data transfomations. As an alternative, t-tests and the Mann-Whitney U tests 
were used to determine whether there are differences in mean values of activity levels between two groups 
partitioned from each complexity element. Each of the seven complexity elements was divided into two 
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discrete subgroups, a low (L) and high (H) complexity group. The mean values of each activity level were 
then compared between the low and high subgroups for each complexity element (e.g., For Political 
Complexity, (mean Acres burned (H group)) vs. (mean Acres burned (L group)). Differences in mean 
values of the dependent variables would suggest that level of complexity influences burn activities. Each 
complexity element was tested in this manner. This allows for a systematic comparison of the seven 
complexity elements and determination of which elements have the greatest influence on prescribed bum 
operations. 
Hypothesis testing was used in order to test whether the observed differences in the descriptive statistics 
were significant using inferential statistics. Results from these tests could be used to project the complexity 
implications into the future. The Independent sample t-tests and the non-parametric alternative, the Mann-
Whitney U were both used because of possible limitations associated with non-normal distributions and the 
power to detect differences using the t-test procedure. Since the intent of the analysis is to determine the 
effect of complexity of activities, the three measures of activities were identified as dependent variables 
and the seven complexity elements were used as independent variables. 
The sample data must meet the assumption of normality to yield valid results using the Independent-sample 
t-test. The assumption of normality was tested using the One-sample Kolmogorov-Smirnov test (K-S test). 
Initial results indicated that there was a high probability that the distribution of each of the dependent 
variables differed significantly from normal. Log transformations were successful in normalizing the 
distributions. Results from the K-S test indicated that the distribution for each of the complexity element 
groups did not deviate significantly from normal. However, splitting of the population variable did not 
yield normal distributions. Transformations were not successful in normalizing the distribution. Therefore, 
only the Mann-Whitney U test could be used when testing the population variable. 
Levene's Test was used to test whether the two samples came from populations with the same variances. If 
the observed significance value was below 0.3, equal variances were not assumed. Results will be 
presented for tests that were found to be significant at p < 0.10. Although this probability value is higher 
than the p < 0.05 value typically used to determine true significance, it was felt that tests that yielded results 
at the higher probability level were suggestive of trends that would otherwise be disregarded. 
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RESULTS 
A total of seventy-six questionnaires were sent to districts within the three regions. Fifty-one 
questionnaires were returned, for a response rate of 67%. Inferences were based on 49 questionnaires that 
contained sufficient data and met the criteria of having an active EMB program. For the purposes of this 
study, an "active" EMB program was defined as a program that burned an average of at least 200 acres per 
year. Two questionnaires were eliminated from analysis based on this criterion. Of the 49 questionnaires 
analyzed, 25 were from R-1, seven were from R-4 and 17 were received from R-6. 
Activities 
Of the 49 responses, 13 (26.5%) reported estimated values for the activity level data (acres per year, 
number of bums per year, and unit size (in acres)), 10 (20.4%) reported actual values, and 26 (53.1%) of 
the responses were a combination of estimates and actual values. Table 1 shows the descriptive statistics 
for the three measures of accomplishments and activities for all reporting districts. As discussed 
previously, the questionnaire asked respondents for average values for the accomplishment and activities 
data. All values reported herein are average values. 
Table 1. Ecosystem Burn Activities, 1991-2000 (Dependent Variables) 
Mean Median 
Std. 
Deviation Minimum Maximum Range 
Average Acres/Yr 1616 1200 1405.06 200 6056 5856 
Average Unit Size 779 500 971.62 12 4700 4688 
Average # Bums/Yr 5.2 3.5 5.6 1.0 28.0 27.0 
The most notable characteristic of the data is the wide range of reported values for each activity level 
attribute. The difference between the mean and median value of the three variables indicates that the 
distributions of the data are skewed toward larger values reported by outlying cases. Examination of the 
minimum, maximum, and range of values demonstrates the range of burning activities throughout the 
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sampling area. For each variable, the standard deviation is nearly as large or larger than the mean value. 
The large calculated values for the standard deviation indicate that there is considerable variability in the 
reported data. 
Complexity Elements 
Table 2 below shows the descriptive statistics for each of the complexity elements. The possible range of 
values for any of the six complexity elements is between 100 and 500. The statistics for the population 
variable are also presented. Population will be referred to as a complexity element herein. 
Table 2. Complexity Elements (Independent Variables) 
Mean Median Std. Deviation Minimum Maximum Range 
Threat Complexity 247 220 99 100 500 400 
Fire & Fuel Complexity 295 300 91 130 478 348 
Objectives Compexity 288 300 84 150 460 310 
Social Complexity 270 260 96 110 480 370 
Air Complexity 261 240 107 110 480 370 
Political Complexity 304 300 90 120 500 380 
Population 26737 13771 36313 1932 222581 220649 
Threat to Boundaries, Air Quality and Social Value complexities received the lowest mean and median 
values. Fire and Fuels, Objectives, and Political complexities each have a median value of 300, with 
similar mean values. The narrowest range in values reported was for the Objectives element, with a range 
of 460. Both the Threat to Boundaries and Political complexity elements received scores that span the 
entire range of possible values. No element received consistently high or low scores. In general, the mean 
and median values are similar for each of the elements, suggesting that the data is not heavily skewed 
toward either high or low values. Considering this wide range of reported values, it appears that no single 
complexity element is consistently more or less significant in affecting burning operations across the 
sampling area. 
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There is also a considerable range in district populations throughout the sampling area. The median 
population (13,771) is nearly half that of the mean population (26,737), suggesting that the population 
distribution is highly skewed toward large values. The range of district population is nearly one-quarter of 
a million people, with the most populous district at 222,581 people. The large standard deviation (36,313) 
also demonstrates the variation in population data. 
The median value for each element was used as a breakpoint for the low and high complexity subgroups. 
This breakpoint was chosen after examination of the distribution of values for each complexity element. 
The Air Quality and Fuels/Fire Behavior variables displayed a bimodal distribution, with the division 
falling at the median value. Since the distribution of the remaining variables did not show an obvious 
breakpoint for grouping, the median was used for consistency and because it is not sensitive to outlying 
values. All districts with reported complexity values equal to or below the median were assigned to the low 
group, and all cases with values above the median were assigned to the high group. 
Table 3 shows the descriptive statistics for accomplishments and activities for each of the complexity 
elements by high and low complexity subgroup. The mean difference (Mean Diff.) between the high and 
low complexity subgroup is also presented, with an indication of the group with the greater mean value 
(L=low complexity groups, H=high complexity group). 
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Table 3. Descriptive Statistics by Complexity Subgroup 
Complexity Element Subgroup Mean Median Std. Dev. Min. Max. Mean Diff. 
Threat to Boundaries 
Acres BurnedA^r 
Low 1773 1432 1411 200 6056 
320(L) 
High 1453 1000 1411 200 6000 
Unit Size 
Low 895 500 1157 50 4700 
243 (L) 
High 652 500 724 12 3000 
# BumsA^r 
Low 4.0 3.5 2.6 1.0 10.0 
2.4(H) 
High 6.4 3.5 7.5 1.0 28.0 
Fuels/Fire 
Acres BumedA^r 
Low 1885 1275 1682 213 6056 
322(L) 
High 1312 1023 955 200 4000 
Unit Size 
Low 903 522 1127 40 4700 
271(L) 
High 632 496 748 12 3000 
# BumsA'r 
Low 5.0 3.3 5.1 1.0 25.0 
•4(H) 
High 5.4 4.0 6.2 1.0 28.0 
Objectives 
Acres BumedA^r 
Low 1656 1250 1411 213 6056 
93(L) 
High 1563 1179 1430 200 6000 
Unit Size 
Low 905 450 1180 40 4700 
302(L) 
High 603 504 549 12 2000 
# Bums/Yr 
Low 4.8 3.3 4.9 1.0 25.0 
•9(H) 
High 5.7 4.0 6.5 1.0 28.0 
Social Values 
Acres BumedA^r 
Low 1574 1200 1458 200 6056 
86(H) 
High 1660 1240 1377 200 6000 
Unit Size 
Low 902 500 1161 50 4700 
258(L) 
High 644 500 714 12 3000 
# BumsAfr 
Low 3.6 3.0 2.5 1.0 10.0 
3.2(H) 
High 6.8 4.5 7.3 1,0 28.0 
Air Quality 
Acres BumedAfr 
Low 2115 1500 1751 200 6056 
1019(L) 
High 1096 1000 608 200 2500 
Unit Size 
Low 1140 654 1214 100 4700 754(L) 
High 386 300 316 12 1200 
# BumsAfr 
Low 4.0 2.0 3.0 1.0 10.0 
2.4(H) 
High 6.4 4.5 7.3 1.0 28.0 
Political 
Acres BumedATr 
Low 1736 1250 1639 200 6056 
294(L) 
High 1442 1190 988 200 4000 
Unit Size 
Low 808 500 989 12 4700 74(L) 
High 734 491 969 40 4000 
# BumsAfr 
Low 4.8 3.5 5.3 1.0 28.0 
•9(H) 
High 5.7 3.5 6.1 1.0 25.0 
Population 
Acres BumedAfr 
Low 1849 1250 1815 200 6056 
476(L) 
High 1373 1200 751 213 3000 
Unit Size 
Low 980 600 1173 12 4700 
421(L) 
High 559 350 647 40 3000 
Low 4.0 2.0 5.4 1.0 28.0 
# Bumsm High 6.4 5.0 5.6 1.5 25.0 2.4(H) 
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The mean and median for the acres burned per year variable was larger for the low complexity subgroup 
for six of the seven elements. The exception was with the Social Values element, which was calculated to 
have a slightly greater mean number of acres burned per year for the high complexity subgroup (Low = 
1,574 acres, High= 1,660 acres). The largest difference in acres burned between subgroups was calculated 
in the Air Quality element, with a mean difference of 1,019 acres per year. 
The Air Quality element also showed the greatest difference in mean values for unit size, with a mean 
difference of 754 acres (Low=l,140 acres, High=386). The low complexity subgroups also had larger 
mean unit size values for all six of the remaining elements, including the Social element. However, there 
were no differences in the between-groups median unit size values for the Social Values and Threat to 
Boundary complexity elements (High and Low median values of 500 for both elements). The median value 
was also larger for the high complexity subgroups of the Objectives element (L=450 acres H=504 acres). 
The differences in the mean and median values again illustrate the effect of outlying cases in calculating 
mean values. The effect of these outlying cases can also be seen in the standard deviation values for unit 
size, which tend to be larger than either the mean or median values. 
For the number of bums per year variable, the high complexity subgroup had a higher calculated mean 
value for all seven of the complexity elements. The median values were equal for both subgroups in the 
Threat to Boundaries and Political elements. The greatest difference in mean values was observed in the 
Social Values element, with an average of 3.2 more bums conducted per year for the high subgroup 
(Low=3.6, High=6.8) 
The calculated between-group mean differences observed in the descriptive statistics suggest that there are 
differences in bum activities and accomplishments that can be attributed to complexity. The effects of 
complexities associated with air quality concerns seem to exercise considerable influence in affecting both 
yearly accomplishments and unit size. The effect of complexity associated with fuels and fire 
characteristics and population also seem to have an influence on these two activities' attributes, although 
the relationships are not quite as strong. Higher degrees of any form of complexity seem to increase the 
number of bums conducted per year, although the strength of the relationship is questionable. 
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Any conclusions drawn must be done so with reservation. The strength of the complexity relationship 
diminishes when both median and standard deviation values are considered. The influence of a few 
outlying cases can skew the distribution of the dependent variables and have significant influence on the 
mean. Despite the weight of these cases, they are valid observations that should not be disregarded for 
statistical simplicity. These cases help delineate and illustrate management associations that otherwise may 
go undetected. 
Air Quality Values 
The independent-sample t-test indicates that a significant difference in unit size in log acres was found at 
the p < 0.05 level when testing the Air Quality complexity element. Test results show that the 25 districts 
in the low complexity group had a calculated mean unit size of log 6.51 acres, and that the 23 districts that 
were grouped in the high complexity category for the Air Quality element reported a mean unit size of log 
5.47 acres (p = 0.003). This indicates that districts grouped into the low complexity category for the Air 
Quality Values to be Protected element have on average a unit size that is 1.04 log acres larger than those 
operating in the high complexity group. The Mann-Whitney U test also corroborates these results. Mean 
rank for the low complexity group {N=25) and high complexity group (N=23) were 29.74 and 18.80, 
respectively (p = 0.007). This indicates that unit size is larger for those who categorize air complexity as 
low. 
A significant difference was also detected in mean log number of acres burned per year. Mean values for 
the low complexity group (N=25) and high complexity (N=23) were 7.28 and 6.81, respectively (p = 0.06). 
This indicates that those reporting low complexity for the Air element burn on average .47 log acres per 
year more than those in the high complexity group. This finding was again supported by the Mann-
Whitney U, with a mean rank of 28.84 for the low complexity group (N=25) and 21 for the high 
complexity group (N=23), at p = 0.055. This suggests that number of acres burned is larger for districts 
that are characterized by low air complexity. 
Fuels/Fire Behavior 
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Results from the t-test indicate that mean log value of unit size is larger for districts categorized in the low 
complexity group for the Fuels/Fire Behavior element than for the high complexity group. Mean values for 
the low group (N=25) and high group (N=23) were 6.34 and 5.65, respectively (p = 0.054), for a mean 
difference of log .69 acres in favor of the low complexity group. Again, the Mann-Whitney U supported 
these findings with a mean rank for the low (N=25) and high (N=23) complexity groups of 27.74 and 
20.98, respectively (p = 0.094). This implies that mean unit size is larger for those grouped in the low 
complexity group. 
Social Values to be Protected 
The t-test revealed differences in log number of bums when testing the Social Values element, with a mean 
log value of 1.04 bums for the low complexity group (N=25) and 1.52 bums for the high group (N=23), for 
a mean difference of log .48 bums per year (p = 0.044). Again, the results were supported by the Mann-
Whitney U test, with a mean rank for the low and high complexity groups of 21.5 and 28.6, respectively (p 
= 0.078). These results suggest that those grouped in the low complexity for the Social Values element 
conduct significantly fewer bums than those in the high group. 
Population 
The Mann-Whitney U test detected a difference in the mean number of bums conducted per year when 
population was used as an independent variable. Mean rank for the low (N=25) and high (N=24) 
population groups were 19.28 and 30.96, respectively (p = 0.004). This suggests that the mean number of 
bums per year is significantly lower for districts with lower populations. 
Table 4 below summarizes the results of the hypothesis testing. 
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Table 4. Detected Differences 
Dependent Independent Complexity N Mean Mean Test Results 
Variables* Variable Group Values** Rank*** 
Acres Air Quality Low 25 7.28 28.84 t-test: t=1.941, p=.059 
BumedA'r. Values 
High 23 6.81 21.00 Marm-Whitney U: 
Z=-1.923, p=.055 
Unit Size Air Quality Low 25 6.51 29.74 t-test: t=3.152, p=.003 
Values 
High 23 5.47 18.80 Mann-Whitney U; 
Z= -2.706, p=.007 
Fuels Low 25 6.34 27.74 t-test: t= 1.952, p=.058 
Characteristics 
High 23 5.65 20.98 Mann-Whitney U: 
Z= -.673, p=.094 
# BumsAfr. Social Values Low 25 1.04 21.50 t-test: t=-2.074, p=.044 
High 24 1.52 28.60 Mann-Whitney U: 
Z=-1.763,p=.078 
Population Low 25 19.28 19.28 Mann-Whitney U: 
High 24 30.96 30.96 
Z=2.882, p=.004 
*Log values used in t-test. 
**Mean values used in t-test. 
***Mean Rank used in Mann-Whitney U. 
The results from the hypothesis tests follow a number of the trends observed in the descriptive statistics. 
Complexities associated with air quality issues seem to have a significant effect on program operations, 
reducing both the total number of acres burned per year and reducing the average unit size of bums. High 
degrees of complexity associated with fuels also seem to reduce unit size. Test results also suggest that 
high degrees of complexity associated with protection of social values and operating in highly populated 
environments increases the number of bums conducted per year. 
The implications of these results are significant considering the expected regional and national trend of 
increasing management complexity. The implications are particularly strong when considering the 
significance of maintaining air quality standards. A gradual increase in management complexity will likely 
result in corresponding shifts in program operations in order to accommodate resource protection needs. 
These shifts will likely reduce efficiency, resulting in higher costs and slowing the pace of bum treatment. 
In order to determine whether the delivery method may have influenced the managers' responses to the 
complexity analysis, many of the elements were reworded and presented again in the Program Constraints 
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table. Additional factors were also included in the table in order to determine the operational significance 
of factors not included in the analysis. The results from the Program Constraints table could then be 
compared with the findings of the complexity analysis in order to confirm consistency in the responses. 
Respondents also completed a Cost Factor table that included factors that were considered important in 
influencing per-acre costs. Many of the factors presented are directly or indirectly related to complexity. 
The results would suggest the financial implications of complexity. 
Program Constraints 
Fuels managers were asked to rank the importance of ten program constraints that restrict the expansion of 
their districts' ecosystem burn program in pine stands on a five-point scale of importance. The program 
constraints presented were a combination of physical, environmental, social, and administrative factors (see 
Table 5 below). 
Table 5. Program Constraints 
N Mean 
Public Opinion and 
49 3.24 
Acceptance 
Air Quality and Smoke Man. 49 3.06 
Lack of Weather Windows 49 2.88 
Proximity to Private Lands 49 2.65 
Lack of Personnel 49 2.61 
Threat to Boundaries 49 2.53 
High Fuel Loading 49 2.45 
Lack of Funding 49 2.29 
Not Reaching Objectives 47 1.68 
Lack of Treatment Areas 48 1.50 
Managers ranked Public Opinion and Acceptance as the most highly rated factor constraining the 
expansion of bum activities, with a mean rank of 3.24. The second highest-ranking constraint was issues 
regarding Air Quality and Smoke Management considerations (3.06). These were the only constraints 
rated with a mean rank greater than three. Lack of Weather Windows (2.88), Proximity to Private Lands 
(2.65) and Lack of Personnel (2.61) were in the five most highly ranked constraints. Threat to Boundaries 
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also had a mean rank above 2.5 (2.53). The remaining factors (High Fuel Loadings, Lack of Adequate 
Funding, Lack of Suitable Areas for Treatment, and Uncertainty about Reaching Objectives) were all 
ranked below 2.5. 
Parallels can be drawn between a number of the program constraints and the elements tested in the 
complexity analysis. In some cases, a single constraint may be relevant to multiple complexity elements. 
For example, the high ranking of public opinion and acceptance constraint highlights the importance of 
managing prescribed fire in a manner that does not jeopardize public support. Public support may be 
eroded by any event that causes inconvenience or jeopardizes the public's perception of management 
competence. Each of the complexity elements tested can be related to the importance of maintaining public 
support. Smoke intrusion, escaped fires, or any event that causes inconvenience or public unease can 
damage opinions and acceptance. The implications of this result cannot be isolated to any single 
complexity element, suggesting the importance of maintaining positive public sentiment in all management 
actions. 
The high ranking of the Air Quality constraint corroborates the findings of the complexity analysis, again 
suggesting the significance of air quality standards and regulations in determining prescribed bum 
activities. The high relative ranking of weather windows implies the importance of environmental factors 
that were not tested. This result suggests the importance of maximizing opportunities when windows do 
present themselves. The proximity to private lands constraint is most closely tied with the Social Values 
element. 
The seventh place ranking of the High Fuel Loading element is somewhat divergent from the results 
obtained in the complexity analysis. The Fuel/Fire Behavior element was found to be significant if 
affecting unit size, while the relatively low ranking of this factor in the constraint analysis suggests that 
fuels are not constraining. The mean ranking of the remaining factors do not suggest any reason to 
question the results obtained in the complexity analysis. 
When asked which constraints will become most influential in restricting bum activities in the future, 
managers' responses often reflected a mix of concems. Most frequently mentioned was the significance of 
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maintaining positive public relations and the growing significance of air quality issues. Multiple managers 
also expressed concern regarding the threats posed by increasing activities in urban areas, as directed by the 
National Fire Plan. In addition to increasing regulatory constraints, the growth of the urban interface is 
likely to increase smoke management complexities beyond those related directly to regulatory standards. 
Priority treatment areas as defined by The National Fire Plan are concentrated around communities and 
development. Managers expressed concern regarding the complexities of actively managing with 
prescribed fire in these areas, yet viewed treatment in the urban interface as a primary and central objective 
of fire management in the future. 
Cost Factors 
Table 6 represents the relative importance of ten factors fuel managers consider to be important in affecting 
costs. Like the Program Constraint table, these represent a mix of physical, environmental, and 
administrative factors that affect cost. Again, each was ranked on a five-point scale. 
Table 6. Cost Factors 
N Mean 
Minimize Escape 
Potential 
49 3.16 
Size of Unit 49 3.12 
Weather Windows 49 2.84 
Development Nearby 49 2.71 
Heavy Fuel Loading 49 2.71 
Cost of Labor 49 2.63 
Shape of Unit 48 2.60 
Agency Risk Posture 49 2.51 
Compliance w/ Air Laws 49 2.37 
Cost of Outreach 49 1.67 
Minimizing escape potential was the highest ranked factor in affecting cost, with a mean rank of 3.16. Size 
of Unit was the second most important factor (3.12). These were the only two factors that received mean 
ranks higher than three. Lack of Weather Windows received a rank of 2.84, followed by Development 
Nearby and Heavy Fuel Loading, both of which were ranked equally in affecting operational costs (2.71). 
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Cost of labor, shape of unit, agency risk posture, and compliance with air quality regulations were all 
ranked with a mean score between 2.63 and 2.37. Cost of Public Outreach was the only factor rated below 
two, with a mean rank of 1.67. 
A number of the cost factors presented can be related to complexity elements tested, although some of the 
parallels are speculative. For example, the top ranking of the Minimize Escape factor underscores the 
significance of this factor, however it is difficult to attribute this to any single complexity element. The 
factor may be related to one or a combination of four complexity elements; Threats to Boundaries, 
Fuels/Fire Behavior, Social Values to be Protected, and Political Concerns. The relation to the first three 
elements is associated with conditions that may challenge holding efforts and the need to protect adjacent 
values. The parallel to the Political Concerns element is related to the political fallout that can result from 
an escape. 
The second and third highest ranked cost factors. Size of Unit and Weather Windows, do not have direct 
corollaries in the complexity elements. However, there are a number of relationships between these factors 
and the Air Quality element that will be discussed later in the text. The implications of the Program 
Constraint and Cost Factor analysis will be synthesized with the findings of the complexity analysis in the 
discussion and conclusion portion of the text. 
DISCUSSION; 
The results of this study show that complexity associated with protection of air quality resources does have 
a constraining effect on program operations, a trend that is expected to continue into the future. High 
degrees of air complexity result in the burning of smaller units, resulting in reduced yearly 
accomplishments and likely contributing to increases in per acre costs. Management issues associated with 
adherence to air quality standards will continue to test the ability of managers to optimize burn 
opportunities while avoiding smoke intrusion to sensitive receptors. The adoption of increasingly stringent 
air quality standards will continue to add to complexities associated with protection of air resources over 
time. This trend will begin to constrain districts that have previously operated relatively freely, and may 
lead to the eventual elimination of prescribed fire in the most complex environments. The air complexity-
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accomplishments relationship established in this study is illustrated by the pie charts in Figure 1 below. 
Each pie chart represents the sample mean value for average acres per year and unit size, with the 
percentage values representing the portion accounted for by each complexity subgroup (for actual values, 
see Table 3). 
Figure 1. Air Quality Complexity 
Avg. AcresA'r Avg. Unit Size 
Low Cmplx. 
Low Cmplx 
From Figure 1 above, it can be seen that for the Air Quality element, districts that were categorized as low 
complexity accounted for 66% of the sample mean of 1,616 acres burned per year. For unit size, three-
quarters of the population mean value of 779 acres is attributed to the low complexity group. As air quality 
regulations and standards tighten, more districts will find themselves operating in highly complex 
management environments, with a corresponding shift in bum activities. The shift will likely reduce 
average size of bum units, reducing the financial efficiencies associated with the economies-of-scale 
relationship. The overall effect will likely be a reduction in overall bum accomplishments in the future 
with an average increase in costs per acre for treatment. 
The implications of reducing unit size on annual accomplishments only become evident when considered in 
conjunction with other operationally significant factors. It is possible that accomplishments could remain 
unchanged if there were a corresponding increase in the number of bums conducted per year to compensate 
for the reduction in unit size. However, no such shift in number of bums was detected in this study. This is 
likely due to the scarcity of available bum windows. Managers ranked availability of weather windows as 
the third most significant issue in constraining bum program operations in the Program Constraints table. 
Weather alone does not adequately describe the multitude of environmental conditions that define 
prescribed fire prescription parameters. Temperature, relative humidity, ground level wind speed and 
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direction, days since rain, atmospheric stability, dispersion indices, transport winds, and predicted forecast 
are a few of the requirements that define acceptable weather windows. In addition, fuel conditions must be 
within predetermined parameters to obtain desired fire behavior characteristics and meet the objectives of 
the bum. Aligrmient of these criteria yields few acceptable bum windows throughout the course of a bum 
season. When these windows do emerge, they tend to range in length from hours to days. 
Thus, each available bum window is a scarce and highly valued opportunity. The management implication 
of the economies-of-scale relationship is that prescribed bum programs should be planned for bum units as 
large as possible (Gonzalez-Caban 1997). However, if operating in complex smoke management 
envirormients, this may not be possible. If average unit size is smaller than what would be manageable in 
the absence of complexity, the direct effect is a reduction in efficiency. Over the course of a year in which 
bum days are limited, smaller units result in fewer acres burned with a higher average cost per acre. 
Compliance with air quality laws and regulations was rated second to last in the Cost Factors table, which 
may seem to contradict the economy of scale relationship. However, managers were likely considering the 
direct costs associated with complying with air quality regulations, such as the costs associated with 
development of the smoke management component of bum plans and the costs associated with recording 
and reporting emissions to air quality regulatory boards. It is quite unlikely that respondents were 
considering the economies-of-scale relationship when answering the questioimaire. Indeed, size of unit 
was ranked as the second most important factor in affecting cost of treatment, which would seem to support 
this interpretation of the rankings and further substantiate the economies-of-scale relationship. 
The effect of air quality in determining program activities is reinforced by the ranks of both air quality 
concerns (ranked second) and the role of public opinion and acceptance in program operations (ranked 
first) in the Program Constraints table, and through qualitative information obtained through comments and 
conversations with fire managers. In discussing the need to protect air quality resources, respondents 
mentioned managing for two types of standards; actual, regulatory standards designed to safeguard public 
health and other air quality resources, as well as self-imposed standards designed to reduce inconvenience 
of smoke impacts to residents in the immediate vicinity of the bum area. 
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In terms of regulatory standards, the Clean Air Act has established National Ambient Air Quality Standards 
(NAAQS) to control both short- and long-term public exposure of certain pollutants, including particulate 
matter 10 microns and larger (PMIO), and more recently particulate matter 2.5 microns (PM2.5) and larger. 
These are the primary components of prescribed fire smoke that contribute to air quality degradation. The 
Environmental Protection Agency (EPA) has established monitoring stations in areas that have been found 
to be in consistent violation of the established standards of air quality. When an area exceeds these 
standards, the use of prescribed fire may be limited in order to allow air quality to improve to the standards 
established by the EPA. 
Self-imposed standards refer to a district's attempt to reduce inconvenience from residents in close 
proximity to the smoke source. An example may be a cluster of houses down drainage of a prescribed bum 
that may become severely impacted by smoke as a result of a district's bum activities. These locally 
significant smoke events may affect relatively few people, yet the impact to those individuals is much more 
acute than the dispersed impacts associated with violations detected at air quality monitoring stations miles 
from a bum. Managers are sensitive to community concerns associated with smoke from prescribed 
burning, reflecting the agency's sensitivity to smoke impacts (Cortner et al. 1990). Considering that pine 
forests generally occupy low elevation sites, where National Forest lands are in close proximity to 
developed lands, smoke impacts from these treatments are more likely. Thus, even if there is no violation 
of standards set by the EPA, managers may find it necessary to take mitigating actions to reduce smoke 
emissions in order to reduce local inconvenience from smoke and maintain public support. 
The results from the complexity analysis also suggest that high levels of complexity associated with the 
Fuels Characteristics element resulted in reduced unit size. A possible explanation for this shift to smaller 
unit size may be the adoption of more conservative management techniques to reduce escape potential. A 
conservative approach may be prudent because of the proximity to residential development and population 
centers where resource values tend to be high. Smaller units would reduce the amount of perimeter, 
facilitating holding operations. However, the results from the activities analysis are somewhat ambiguous. 
Only average unit size was found to be significant in the complexity analysis, with no differences detected 
in acres per year or average number of bums per year. This leads me to question whether the result is traly 
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significant or whether it was found to be significant due to error in the survey method. Furthermore, the 
resuhs of the Program Constraints analysis suggest that fuels conditions are not a significant factor in 
affecting accomplishments. High fuel loading was ranked seventh out of ten in affecting bum operations in 
the Program Constraint table. This seems somewhat at odds with findings of the complexity analysis. The 
lack of substantiating results generates questions regarding the actual significance of this element. 
Similarly, it is difficult to infer the implications of the other differences in activities detected in the 
complexity analysis. Both the Social Values and Population elements were found to affect the number of 
bums conducted per year. The results from the statistical analysis suggest that districts with low 
complexity values (or population values) for these elements conduct fewer bums per year than districts 
with high values. This may suggest that districts that are sparsely populated with few threatened social 
resources are able to take advantage of the economies-of-scale relationship and conduct fewer, larger bums. 
However, no significant differences were detected in average unit size or in average acres per year. 
Although it is difficult to speculate on the operational significance of these elements, the rankings from the 
Program Constraints table seem to indicate that protection of private resources does affect program 
operations and contribute to costs. Proximity to private lands was ranked forth overall in the Program 
Constraints table. Both this constraint and the descriptions of the Social Values element involve some 
threat to people, property or social resources. Similarly, increases in population would likely expose more 
people and the associated public resources to fire threats. Thus the two complexity elements (Social Values 
and Population) as well as the program constraint (Proximity to Private Lands) are similar. Although the 
complexity analysis did not yield a strong indication of the operational effect of these elements, inductive 
reasoning would lead to the conclusion that protection of social values has had an effect on prescribed fire 
operations. 
The complexity elements were chosen in part because of their prevalence in the literature. These factors 
had been cited as contributing forces in affecting the economic outcome of burn activities. It has been 
surmised that constraints imposed by air quality standards, the directive to reduce escape potential, and 
other social and political concems affect prescribed bum costs (Gonzalez-Caban and McKetta 1986, 
Cleaves and Haines 1995). The elements were also components of Forest Service worksheets designed to 
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provide managers an objective method of determining complexity for prescribed and wildland fires. This 
study tested the hypothesis that these same factors affect prescribed bum activities and accomplishments 
when quantified as complexity. It is possible that the results of this study are exhaustive, and that the only 
form of complexity that has a significant effect on bum activities is associated with air quality resources. 
However, there is some reason to question whether the other elements tested are tmly without effect. 
Actual relationships may have been obscured by errors that were introduced during sampling. This study 
represents the first attempt to systematically quantify complexity at the ranger district level across a broad 
geographic area. The sampling approach also made use of activities data sources that have not been 
utilized previously. Thus some sampling error is to be expected. 
The complexity values used in the analysis were based on manager's rating of an "average" complexity 
level for each element. Since the analysis was specific to a single forest type, it was assumed that the 
values provided would be relatively accurate and representative for each district. However, there may be 
some issue associated with asking managers to provide "average" complexity values. Managers noted the 
difficulty in generalizing the district's management environment because of significant variations in the 
social, political, administrative and environmental attributes throughout a district, even within similar 
vegetative zones. This is not surprising, considering that districts typically encompass hundreds of 
thousands of acres, covering many miles and many different types of social and environmental conditions. 
This suggests that complexity is too site-specific for generalization, and that complexity may only be 
accurately quantified when measured on a case-by-case basis. 
There may also be some issue with relating activity levels to seven elements. In reality, explaining 
differences in activities on the basis of a handful of elements oversimplifies the complicated decision 
process that ultimately determines prescribed fire operations. This attempt to quantify and model these 
relationships required a simplified approach that may have missed some of the actual mechanisms that 
dictate prescribed fire operations. Management actions are based on the interrelation of social, political, 
administrative, and environmental considerations. This complicates any effort to quantify complexity for 
comparative study. 
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Variation in the reported complexity values among districts may have also obscured actual complexity-
activities relationships. A portion of this variation may be attributed to the subjective sampling method that 
was used. Managers were asked to provide complexity values for their districts, however there was no 
baseline datum from which managers could gauge their response. Said differently, managers were not able 
to compare their district's management environment to an established standard. The accuracy of values 
would be dependent on the manager's knowledge of the range of complexity conditions that exist 
throughout the sampling area. Relative values may be quite accurate within a small geographic area such 
as a National Forest because of the managers' knowledge of issues common to an administrative unit. 
However, it was likely difficult for respondents to gauge their districts' complexity level relative to that of 
districts in other National Forests and regions hundreds of miles away. 
The expert opinion method used here alleviated some of the problems associated with the lack of 
information regarding prescribed fire activities. However, the quality and the accuracy of the data are 
dependent on the knowledge and memory of the respondent, introducing a potential source of error. 
Managers were allowed to estimate activity values if actual values were not available. It was assumed that 
the estimated activities values would be a close approximation of the actual values; sufficiently accurate to 
reveal trends in activities. However, there is some reason to question the accuracy of estimates. In one 
case, two responses were received from a single district; one reporting actual values and the other reporting 
estimated values. For average number of acres burned per year, the estimated value was nearly 500% 
greater than the actual value (1000 acres vs. 213 acres). This suggests that there may be some reliability 
issues associated with use of historic activities data from memory. It is impossible to know how accurate 
estimated values were for the entire sample. However, considering that 80% of the data used in the 
accomplishments analysis were based on estimated or a combination of estimated and actual values, there 
is some suspicion as to the reliability of the data. This variability can be attributed to inherent limitations 
associated with survey studies that rely on "self-report" data and the problems associated with the 
commitment of "honest" errors of omission, confusion, or false memory (Woods 2003). 
Although comments and conversations with managers suggest a significant reduction in management 
opportunities as population increases, this analysis did not show a strong relationship between district 
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population and accomplishments. The lack of statistically significant differences using the population 
variable may be the result of problems associated with ascertaining accurate district population values. 
Deriving accurate values is complicated by the firagmented land ownership pattern that exists throughout 
the West. Ranger districts are frequently composed of multiple parcels or islands of land, often separated 
from one another by many miles. It is not uncommon for a district to administer lands that fall within two, 
three or more counties. Thus it is difficult to derive an accurate population figure for individual districts 
based on county census data. Furthermore, without using a finer resolution of population data, it is 
impossible to accurately determine the populations that may be impacted by burn activities due to differing 
population densities within a district. The method used assumes that each resident of a county has the same 
probability of being impacted by bum operations of a given district. This is certainly not the case, 
considering most populations are grouped in cities, towns, and communities that may or may not be in a 
district's "impact zone." Indeed, due to the nature of smoke dispersal patterns, district operations may 
impact more residents of adjacent counties than in the county in which the district actually lies. 
There is a potential problem associated in using the t-test and Mann-Whitney U with variable data. As 
reported in the results section, the range of reported activities and complexity values was quite large, with 
standard deviation values nearly as large or larger than the mean values. Both the sample variance and the 
number of cases in each group are used in the calculation of the t-statistic. The larger the sample variance, 
the less likely we will be able to reject the null hypothesis. This inability to detect actual differences in the 
sample means is further compounded when the sample size is small. Thus the combination of these two 
factors likely reduced the ability of the t-test to detect differences in the sample means of the two groups, 
even when the differences in dependent variables is large. Although use of the Mann-Whitney U alleviates 
some of the problems associated with testing of samples that violate assumptions necessary for use of a 
parametric test, the non-parametric tests are not as powerful at detecting differences between groups 
(Norusis 2000). 
CONCLUSION: 
Study results indicate that complexities associated with air quality standards have the greatest impact on 
district bum activities. Both actual, regulatory smoke management standards and self-imposed standards 
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will continue to challenge the ability of managers to actively utilize prescribed fire as a component of forest 
stewardship activities. The challenges these standards present will likely reduce efficiencies to such a 
degree that prescribed burning may be abandoned in the most complex management environments. 
Although mechanical treatments may provide a surrogate to prescribed fire for reducing forest fuels and 
recreating forest structure, it carmot emulate the unique biophysical responses induced by fire. Managers 
will be left to decide whether the ecological benefit of returning fire is worth the financial costs and risk 
associated with use of the practice. 
The majority of complexity elements tested did not yield discemable, conclusive complexity-
accomplishment relationships. Inherent limitations in survey methodology and the difficulty in capturing 
the multifaceted components of complexity may account for the results rather than a lack of actual causal 
relationships. Prescribed fire managers are quick to point out the power of social concerns in determining 
whether prescribed fire is an appropriate management tool, and if so, how it will be managed. The 
techniques and precautions used are contingent on the value of the resources that are threatened, and the 
magnitude of subsequent consequences in the event of resource damage. Managers must not only consider 
the market value of threatened resources, but also weigh the consequences of their actions in terms of 
public acceptance. The publics' discomfort with perceived risk and the psychological concerns associated 
with smoke and the threat of fire escape is likely to be much greater than the actual risk. Any precaution 
that is adopted to safeguard public resources or reduce public unease that would not be taken in the absence 
of social concerns can be attributed to social complexity. Remaining sensitive to these perceptions and 
reacting to public concern will likely come at the expense of efficiency. 
As managers look to the future of fire management, it is likely that the need to protect social values will 
increasingly dictate management activities. National fire policies are now directing treatments into 
populated areas in community protection efforts. These areas should be priorities for protection from 
wildfire events, as they represent a significant concentration of high resource values and are associated with 
public safety. However, the same characteristics that necessitate protection also complicate active 
management. Future policies and activities will reflect the willingness of the public to accept the risks and 
inconveniences associated with prescribed fire. 
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Future research that seeks to better understand the complexity-accomplishment relationship should limit the 
geographical scale of sampling. Although this study attempted to reduce variability in treatment by 
concentrating on a single forest type, there are certainly ecological and climatic variations within the 
sampling area that account for some of the differences in accomplishments. An in-depth analysis of 
activities at a fmer scale would reduce the variability associated with administrative and policy differences 
between multiple administrative units. 
A case study approach that utilizes a qualitative analysis method would allow for a thorough examination 
of the relationships that determine activities and economic outcomes. The multitude of factors and 
considerations that enter into the decision matrix for any individual bum are difficult to analyze 
quantitatively, and any effort to do so likely obscures the nuances that ultimately determine management 
actions. Each burn site has a set of unique characteristics that define the management actions and 
precautions necessary to protect resource values in the immediate area. A concentrated study would allow 
for detailed assessment of all the factors that enter into the decision-making process and the ultimate effect 
on the economic outcome of bum activities. The drawback of the case study approach is that results cannot 
be generalized beyond that case (Doyle 2003). However, the context-specific nature of prescribed fire 
complicates the development of decision-making models that account for more than a small portion of 
economic outcomes. Attempts to generalize the factors that account for prescribed fire activities can at best 
hope to reveal fundamental relationships that define activities, as has been done here. Analyses that look 
beyond these fundamental relationships will need to reduce the scale of sampling in order to account for the 
multitude of factors that ultimately determine management actions. 
Above all, researchers and policy makers should recognize the full range of complexities associated with 
prescribed fire management. Fire managers are quick to call attention to the innumerable sources of 
variation within the prescribed fire environment, many of which are inconsistent across the landscape and 
unpredictable in nature. Decisions and activities are dependent on a stochastic set of factors that include 
climatic, physical, social, ecological, political, and administrative considerations, to name but a few. 
Although these factors will continue to contribute to variations in costs and accomplishments and will 
always be inherent in prescribed fire management, investigation into the relationships that define prescribed 
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bum activities is certainly warranted. However, developing a solid understanding of the complexity-
accomplishment relationships that drive prescribed fire programs will likely continue to befuddle 
traditional economic analysis. 
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Appendix A 
Questionnaire 
Ecosystem Burning Activity and Cost Study 
University of Montana, School of Forestry 
Funded by the Joint Fire Sciences Program 
2001 
To be filled out by district FMO, AFMO, 
and /or Fuels Management Technician(s) 
Forest: 
District; 
Please feel free to contact us with any questions you may have: 
Kenneth D. Homik 
khomik@selwav.umt.edu 
(406) 243-4494 
Dr. Hayley Hesseln 
havlev@forestrv.umt.edu 
(406) 243-4285 
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Prescribed Ecosystem Management Burning Activity 
Scientists, researchers, and land managers recognize the shift from serai toward climax forest structure due 
to past management activities and the disruption of the historic disturbance regime. When wildfire 
managers attempt to restore or maintain serai stand conditions, the strategies adopted are often fi-amed 
using ecosystem management concepts that may incorporate prescribed fire as a management tool. 
Environmental conditions, wildland-urban interface issues, and the changing demographics of many 
western states restrict the ability of managers to use prescribed fire as a widespread management tool. 
Ultimately, these issues (referred to as constraints) act to increase program costs and reduce achievements 
levels. As the trend in fire use continues to increase nationwide, there is a mounting need to determine how 
local and regional constraints influence the costs and activity levels of ecosystem burning programs. 
There is considerable variation in the degree to which these attributes affect program activities, both 
between and within administrative areas. This study focuses on identifying and quantifying constraints to 
prescribed ecosystem management burning operations on federal lands in western states. Our objective is 
to assess the cost of prescribed burning relative to varying combinations of operational constraints. Where 
budgets fall short of required expenditures, our results may be used to increase efficiency and maximize the 
social and ecological benefits of the prescribed fire management program. 
Constraint Identification and Cost Estimation 
Please use the following sets of questions to provide us with information for ecosystem management 
burns (EMBs) on your district over the past ten years (1991-2000). For purposes of this study, we are 
interested in understory burning activities associated with treatments designed to maintain or restore serai 
stand structure on pine, pine-fir and/or pine-fir-larch sites. Although silvicultural activities are often 
associated with ecosystem burning activities, we wish to limit our analysis to burn units in which 
commercial timber harvest is not the emphasis, but may be used as a minor element of a comprehensive 
forest restoration strategy. 
If you have accurate acreage and cost information from operational databases, we would appreciate 
receiving summaries of year-to-year activities. If you do not have accurate databases, we would appreciate 
your best estimates. When asked to provide values, please exclude atypical years in which unique 
conditions significantly reduced management activities, such as the moratorium on prescribed burning in 
2000. 
Our primary interests are to: 
1) Examine trends in average acres burned and average costs for your district, 
2) Identify the social and environmental constraints that restrict program activities, and examine how 
these constraints are correlated with costs. 
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Part I: Constraint Identification 
In the following questions, we ask you to report current activity levels and identify factors that constrain 
your district's EMB program. Values should be based on the cumulative experience of your district EMB 
program over the last ten years and where applicable, your projections for program activities in the future. 
Please provide activity levels for your district's ecosystem management burning activities: 
Table 1: Ecosystem Burn Activity Levels, 1991-2000 
Average 
Acres/year 
Lowest Highest 
# of bums/year 
Unit Size (in acres) 1 ^ i ; 
i 1 
1 
i 
1. What is the source of these numbers (please check one)? 
[] Estimates [] Actual Values [] Combination of Both 
2. For the period 1991-2000, describe the trend in your district's ecosystem bum program target acreage. 
(Please circle one) 
Decreasing No Change Increasing 
- 2 - 1 0  1 2  
3. For the period 1991-2000, how often has your district reached your target acreage? 
Never Always 
0 12 3 4 
4. What do you expect the trend to be in program target acreage for the next ten years? 
Decrease No Change Increase 
- 2 - 1  0  1  2  
35 
5. What are the most important considerations for expanding your ecosystem bum program? Please rank 
each on a scale from 0 to 4, with 0 being low importance and 4 being highly important. 
Table 2: Program Constraints, 1991-2000 
Low High 
Importance Importance 
Public opinion and acceptance 0 1 2 3 4 Not Applicable 
Threats to boundaries 0 1 2 3 4 Not Applicable 
Air quality and smoke 
management laws and regs. 
0 1 2 3 4 Not Applicable 
Proximity to private lands 0 1 2 3 4 Not Applicable 
Lack of weather windows 0 1 2 3 4 Not Applicable 
High fuels loadings resulting in 
unacceptably high risk 
0 1 2 3 4 Not Applicable 
Lack of adequate funding 0 1 2 3 4 Not Applicable 
Shortage of qualified 
personnel/equipment 
0 1 2 3 4 Not Applicable 
Lack of suitable areas for 
treatment 
0 1 2 3 4 Not Applicable 
Uncertainty about reaching 
objectives. 
0 1 2 3 4 Not Applicable 
Other 0 1 2 3 4 Not Applicable 
7a. Has any particular constraint increased in importance in restricting your bum opportunities over the last 
ten years? 
[ ] Yes [ ] No 
7b. If yes, which ones? 
8. Which constraints (if any) do you believe will become the most influential in restricting your yearly 
bum acreages in the future? 
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9. Please use the following table to provide an "average" description of the complexity associated with each 
bum element. Please make sure the % sum for each element totals 100%. For example, consider the 
Threat to Boundaries element where, in the last ten years, most of your EMB activities have been in remote 
areas with abundant natural fire breaks, bordered by district land. Some treatment areas have been 
adjacent to private lands, in some cases requiring significant line/fuel break construction to hold the fire. 
The percentages may be (from low to high risk) 75% + 15% + 10%) = 100% for that element. 
Threat to 
Boundaries 
Fuels/ Fire 
Behavior 
Table 3: Element Complexity, 1990-2000 
I Element | Low Degree of Complexity 
• Low threat to 
boundaries. 
• Boundaries 
naturally 
defensible. 
% + 
• Surface fuels 
(grass, needles) 
only. 
• Early serai 
forest 
communities. 
• Moderate threat to 
boundaries. 
• Moderate risk of 
slopover or spot 
fires. 
• Boundaries need 
mitigation actions to 
strengthen fuel 
breaks, lines, etc. 
% + 
• Ladder fuels and 
potential torching. 
: • Fuel types/ loads 
; variable. 
j • Mid-seral forest 
i communities. 
High 
• High threat to 
boundaries. 
• High risk of 
slopover or spot 
fires. 
• Mitigation 
actions 
necessary to 
compensate for 
continuous 
fuels. 
% 
• Fuel types/ 
loads extremely 
variable. 
• Altered fire 
regime, 
hazardous fuel / 
stand density 
conditions. 
= 100% 
% + % % = 100% 
37 
Objectives 
• Maintenance 
objectives. 
• Broad 
prescription. 
• Easily 
achievable. 
% 
Social 
Values and 
Improvement 
s to be 
Protected 
• No risk to 
people, property 
or social 
resources within 
or adjacent to 
fire. 
• Restoration 
objectives. 
• Reduction of both 
live and dead fuels. 
• Objectives may 
require moderately 
intense fire behavior. 
% + 
• Several values to 
be protected. 
• Mitigation through 
planning and/or 
preparation is 
adequate. 
• Restoration 
objectives in 
altered fuel 
situations. 
• Precise 
treatment of 
fuels and 
multiple 
ecological 
objectives. 
• Requires a 
high intensity 
fire or a 
combination of 
intensities that 
is difficult to 
achieve. 
% '  
r 
Numerous 
values and/or 
high values to 
be protected. 
• Severe 
damage possible 
without 
resources with 
appropriate skill 
level. 
= 100% 
% % + % = 100% 
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Air Quality 
Values to be 
Protected 
• Few smoke 
sensitive areas 
near fire. 
• Air quality 
agencies 
generally 
require only 
initial 
notification. 
• No potential 
for scheduling 
conflicts with 
cooperators. 
• Multiple smoke 
sensitive areas, but 
smoke impact 
mitigated in plan. 
• Daily burning bans 
sometimes enacted 
during the burn 
season. 
• Low potential for 
scheduling conflicts 
with cooperators. 
: Political 
Concerns 
% + 
• No impact on 
neighbors or 
visitors. 
• No 
controversy. 
• No media 
interest. 
1 % + 
; • Some impact on 
! neighbors or 
j visitors. 
, • Some controversy 
! but mitigated. 
• Chance for loss of 
public support. 
% % + 
• Multiple 
smoke sensitive 
areas with 
complex 
mitigation 
actions required. ! 
• Health or 
visibility 
complaints | 
likely. 
• Smoke 
sensitive Class I 
airsheds. 
• Violation of 
state and federal 
health standards 
possible. i 
; • High potential 
1 for scheduling 
I conflicts with 
i cooperators. 
%  1 = 1 0 0 %  
• High impact j 
on neighbors or | 
visitors. 
: • High internal 
or external 
interest and 
concern. 
' • High 
probability for 
loss of public 
support. 
% ^ = 100% 
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10. Projecting into the next ten years, how do you think the complexity associated with burning will 
change? 
Less Complexity No Change More Complexity 
0 12 3 4 
11. Which do you believe has greater emphasis in forest and regional ecosystem management program 
goals? 
[ ] Maximizing burned acres [ ] Maximizing treatment benefit ofprescribed fire 
12. Is your program affected by any Class I airsheds or non-attainment areas? 
{] Yes [ ] TVo 
Please elaborate on any questions, or comment on other constraining issues you have encountered those 
have not been addressed. 
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Part II: Constraint Quantification 
In this section, we will quantify constraints in terms of costs. Please answer the following set of questions 
to report your EMB burning costs for the last ten years (1991-2000). 
Questions: 
1. Please rate each of the factors in influencing the costs of EMBs on your district. 
Table 4: Cost Factors, 1991-2000 
Not Highly 
Important Important 
Size of unit 0 1 2 3 4 Not Applicable 
Shape of unit 0 1 2 3 4 Not Applicable 
Compliance with air quality laws 
and regulations 
0 1 2 3 4 Not Applicable 
Cost of labor 0 1 2 3 4 Not Applicable 
Safeguards to minimize escape 
potential onto private lands 
0 1 2 3 4 Not Applicable 
Availability of weather windows 0 1 2 3 4 Not Applicable 
Residential development near 
bum units 
0 1 2 3 4 Not Applicable 
Agency management policies that 
discourage risk-taking 
0 1 2 3 4 Not Applicable 
Heavy fuel loadings 0 1 2 3 4 Not Applicable 
Cost of public outreach 0 1 2 3 4 Not Applicable 
0 1 2 3 4 Not Applicable 
Other 
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2. Please provide us with average and range values for the specified project component. Note the change 
in units for some components. 
Table 5: Project Component Quantification, 1991-2000 
Fuel break/ Fireline construction (S/chain) 
Unit preparation ($/acre)* 
Hand Ignition (S/acre) 
Aerial Ignition ($/acre) 
Holding (person hrs/bum) 
Mop-up (person hrs/bum) 
Managing public relations (person hrs/bum) 
Monitoring for ecological affects of fire (person 
hrs/bum) 
* Unit Preparation: This is the average cost associated with prep, costs other than line construction and 
may include thinning/slashing, leave tree protection, etc. 
3. What is the source of these values? 
4. On average, how many phone calls does your district make prior to conducting an EMB? 
5. How would you categorize public acceptance of your bum program? 
Minimum | Average | Maximum 
[ ] Estimates [ ] Actual Values 
# Calls 
Unsupportive Neutral 
0 
Very Supportive 
2 -2 1 1 
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Thank you for your time and effort! 
Any additional comments are welcome. 
May we contact you for follow-up information? [ ] Yes [ ]No 
Name and E-mail address: 
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